Objective of this study was to demonstrate the ubiquitous presence of glucose in urine of euglycemic cats by a highly sensitive glucose assay. The local electronic database was searched for results of quantitative urine glucose measurements in cats.
| INTRODUC TI ON
Urine glucose measurement is an integral part of routine urinalysis (Reine & Langston, 2005) and essential for the diagnostic workup of cats with polyuria, polydipsia and weight loss. It is furthermore a widely used (Aptekam, Armstrong, Coradini, & Rand, 2014) , but imperfect method to adjust insulin doses in cats with diabetes mellitus (DM, Roomp & Rand, 2013) . Up to blood glucose concentrations of about 14.98 mmol/L (270 mg/dl) tubular reabsorption of filtered glucose is linear and almost complete (Eggleton & Shuster, 1954) . Above this "renal threshold," which has a wide interindividual variation, linearity is lost and although the proximal convoluted tubules continue to reabsorb glucose at a maximum rate, reabsorption declines below 50% (Eggleton & Shuster, 1954) . At this point, urinary glucose concentrations increase and may become detectable depending on the analytical method employed. Rarely, idiopathic or acquired defects in the absorptive mechanisms of the proximal convoluted tubules cause so-called "renal glucosuria." Renal glucosuria in association with variable losses of amino acids, uric acid, ions and electrolytes is termed Fanconi syndrome (Reinert & Feldman, 2016) .
Taken together, "glucosuria" indicates the presence of elevated plasma glucose concentrations, an impaired renal glucose absorptive capacity, or both.
The current methodology to measure urinary glucose is the use of semiquantitative dry reagent strips employing an enzymatic oxidase-peroxidase chromogen coupled reaction. The term "glucosuria" is traditionally confined to a positive dipstick test result. The fact that various commercially available test strips have different lower limits of detection for glucose, ranging from ~1.1 mmol/L (20 mg/ dl) to ~5.5 mmol/L (100 mg/dl), is widely ignored. The most sensitive test strips currently validated for the use in cats give positive colour reactions at glucose concentrations of about 2.78 mmol/L (50 mg/dl, Defontis, Bauer, Failing, & Moritz, 2013) . Several studies in healthy and sick humans have shown that glucose is virtually present in all urine samples (Apthorp, 1957; Brunner, Kurz, Adelsmayr, & Holzinger, 2015; Fine, 1965; Wolf, Rave, Heinemann, & Roggen, 2009 ). In 1965, Fine proposed to replace the term "glucosuria," by the terms "normoglucuria" and "hyperglucuria." In modern literature, the excretion of glucose at euglycaemic blood glucose concentrations and a normal tubular function is named basal glucosuria (Rave et al., 2006; Wolf et al., 2009) . As basal glucosuria is independent of blood glucose concentrations, urinary flow rates, renal threshold and maximal rate of tubular absorption, it is assumed to be the result of distal tubular leakage (Rave et al., 2006) .
The primary objective of this retrospective study was to determine whether glucose is present in feline urine samples and to define approximate reference limits of glucose and the urine-to-glucose ratio (UGCR). The subsequent aim was to investigate possible influencing factors.
| MATERIAL S AND ME THODS
In a retrospective study, the electronic database of the teaching 
| RE SULTS
The search terms identified 325 feline urine glucose measurements; 303 (93%) of the samples had been submitted by one of the co-authors (H.K.) working in a near-by small animal practice. Urine had been routinely collected by manually expressing the bladder (private practice) or cystocentesis (university). Blood and urine samples had been stored at 4°C and submitted to the laboratory within 5 hr. KD, HT and DM were diagnosed in 67, 22 and 15 cats respectively. Nine of these cats (five with HT and KD, two with DM and KD, two with HT and DM) were allocated to more than one category. For the results of cats with DM, HT, KD as well as from the final study group see Common breeds included 116 domestic shorthair mixed breeds (88%) and eight Persian cats (6%). The cats consisted of 67 (51%) males (9 intact) and 65 (49%) females (10 intact). Urinary glucose was below the detection limit of the assay in one cat (0.76%).
Gender and breed had no effect on the urinary glucose con- 
| D ISCUSS I ON
Data of this study confirm that, as has already been shown in humans (Fine, 1965 Hoenig et al. (2018) . Accordingly, the presence of small amounts of glucose in feline urine is by no means diagnostic for diabetes mellitus or renal glucosuria. We therefore propose to implement the term "basal glucosuria," which was first used by Lazarus (1904) and is now standard in modern human literature (Rave et al., 2006; Wolf et al., 2009 ). The terms "normoglucuria" and "hyperglucuria" (Fine, 1965) would also be applicable.
Comparable to the results in normal humans (Fine, 1965; Gupta, Goyal, Ghosh, Punjabi, & Singh, 1982) , no significant effect of gender was observed. Our data also suggest no influence of breed. Older cats had lower glucose concentrations, but this effect was likely caused by dilution as no difference was detected in the UGCRs.
Noteworthy, seven per cent of the non-diabetic, non-azotemic cats in this study had urinary glucose concentrations higher than 1.11 mmol/L (20 mg/dl), which is high enough to generate positive colour reactions if modern, highly sensitive dipsticks are used (e.g.,
Medi-Test Glucose, Marchery-Nagel, Dueren, Germany). In humans, with the use of these test strips a yellow to weakly green test field is considered normal. Consequently, the statement in the ISFM-guidelines on DM in cats (Sparkes et al., 2015) that "persistent glucosuria suggests inadequate control" does not apply for quantitative laboratory methods and likely only for traditional dipsticks with a lowest point estimate of 2.78 mmol/L (50 mg/dl) or higher.
Although the urinary glucose concentrations in cats with hyperthyroidism were comparable to the concentrations observed in the reference population, the urine was more diluted resulting in higher Although all cats with acute KD and IRIS stages 2-4 CKD were excluded for the calculation of the above-named reference intervals, specific urine metabolic assays (e.g., amino acids, organic acids) were not applied and the incidental inclusion of patients with defects in the absorptive mechanisms of the proximal convoluted tubules is possible. To our knowledge, there are only three published reports describing acquired renal glucosuria in cats (Hoenig et al., 2018; Lowe et al., 2009; Reinert & Feldman, 2016) , whereas hereditary forms have not been described. Triggering events were the application of TA B L E 2 Correlations between urinary glucose, glucose-tocreatinine ratio and other parameters Note. UGCR: urinary glucose-to-creatinine ratio, UPC: urinary proteinto-creatinine ratio, shaded fields depict significant correlations TA B L E 2 (Continued) F I G U R E 2 Box plots of glucose-to-creatinine ratios in cats grouped according to IRIS stages 0-4 dexamethasone (Lowe et al., 2009) , various glucocorticoids in combination with chlorambucil (Reinert & Feldman, 2016) and velagliflozin (Hoenig et al., 2018) , a SGLT-2 inhibitor. SGLTs-2 are important membrane proteins located at the luminal membrane of the proximal renal tubular cells and enable the active re-uptake of glucose which is freely filtered at the glomerulus. Mutations of the gene encoding these transporters cause familiar renal glucosuria, and selective inhibition is a new therapeutic option for the treatment of type-2 diabetes mellitus in humans (Lajara, 2014) . In rats, dexamethasone increases urinary glucose excretion in a dose-dependent manner regardless of plasma glucose or insulin concentrations. A selective action on glucose transport and metabolism in tubular cells is assumed (Yamanouchi et al., 1998) . None of the cats in the final study population received glucocorticoids or chlorambucil and SGLT-2 inhibitors
are not yet used in veterinary clinical practice.
The measurement of the absolute glucose concentrations does not incorporate urine flow rate, which is modulated by the hydration status and the renal capacity for reabsorption of free water. To account for dilutional effects the incorporation of urinary creatinine concentrations, which is already standard practice for other biomolecules such as proteins (Vilhena et al., 2015; Welles et al., 2006) and steroids (AlCauvin et al., 2003) is advisable. The calculation of the UGCR also eliminated the effects of age, which was negatively correlated with urinary glucose concentration, USG and creatinine concentrations in the present study. In a recent veterinary study, the UGCR was calculated to investigate the effects of a SGLT-2 inhibitor in obese cats (Hoenig et al., 2018) .
Within 35 days, the UGCR increased from mean (±SD) 0.016 ± 0.006 to 26.31 ± 2.94. The results of the present study suggest that a UGCR above 0.081 is abnormal. In human type-2 diabetics, the UGCR of the first morning urine samples shows good linear relationship with the overnight eight hours UGCR (Kim et al., 2017) and correlates fairly with various glycemic indices such as basal and stimulated blood glucose, glycated albumin (%) and glycated haemoglobin (Kim et al., 2017) . It has already been shown that urinary dipstick glucose determination is a useful indicator of clinical control in diabetic cats treated with porcine zinc insulin (Martin & Rand, 2007) . Studies are now needed to clarify whether quantitative glucose measurements and the integration of creatinine can actually improve diagnostic accuracy and treatment surveillance of insulin-treated diabetic cats.
In conclusion, this study shows that feline urine is virtually never free of glucose and that basal glucose excretion is not effected by age, gender or breed. The introduction of the concept of "basal glucosuria," which is well established in human medicine, seems justified.
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